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for the
Army Air Forces, Air Technical Service Command
ESTIMATION OF F-3 AND F-4 KNOCK-LIMITED PERFORMANCE RATINGS

FOR TEERNARY AND QUATERNARY BLENDS CONTAINING TRIPTANE OR

1

OTHER HIGH-ANTIKNOCK AVIATION-FUEL BLENDING AGENTS

By Henrj‘C. Barnett

SUMMARY

Charts are presented which permit the estimation of F-3 and
F-4 knock-limited performance ratings for certain ternary and
quaternary fuel blends. Ratings for various ternary and quaternary
‘blends estimated from these charts compare favorably with experi-
mental F-3 and F-4 ratings. Because of the unusual behavicr of some
of the aromatic blends in the F-3 engine, the charts for arcmatic-
paraffinic blsnds are probably less accurate than the charts for
purely paraffinic blends.

INTRODUCTION

- As part of a general program to evaluate the knock-limited per-

formance of triptane and other high-antiknock components of aviation
, fuels, the Cleveland laboratory of the NACA conducted tests on the

F-3 and the F-4 rating engines. The results of these tests have

been reported in reference 1. The present report presents data of

reference 1 in the form of charts, which can be used to esgtimate

the F-3 and the F-4 antiknock ratings for multicomponent blends of

the various fuels tested.

The F-4 data appearing on the charts in this report are based
on the blending equation suggested in reference 2 for supercharged-
engine test data:
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T N R . (1)

where
Pb knock-limited indicated mean effective pressure of blend

Pl,‘Pz, Pz knock-limited indicated mean effective pressure of com-
ponents 1, 2, 3,

Ny, Nz; Nz ‘Mass fractions ofwcomponents 1, 2,3, .« . in the blend

Equation (1) has been found to be satisfactory for blends in
which all components are paraffinic and have equal concentrations
of tetraethyl lead. The equation applies most generally when the
test data are taken at high fuel-air ratios. With the exception
of data for one fuel in the present analysis, all of the F-4 knock-
llmlteu performance data are considered at a fuel-air ratio of 0.1l

The analysis of F-3 data presented herein is strictly empirical
but has been found to agree satisfactorily in most cases with the
experimental data. The accuracy of the performence charts presented
wag checked by testing prepared/blends under F-3 and F-4 conditions

and comparing the observed ratings with those predicted from the
cbarts -

TEST DATA

The experimental results upon which this analysis is based are
given in table I (reproduced from reference 1).- No performance num-
bers In this table greater than 161 were used as will be indicated -
later. The performance numbers for the F-4 tests were estimated from
a reference-fuel framework (reference 1) consisting of knock-limited-
performance curves for %0 percent S-3 reference fuel plus 10 percent
M-4 reference fuel and for S-3 reference fuel clear and with 0.5, 1.25,
- 2, 4, and 5 ml TEL per gallon.

The use of this method of rating instead of the usual procedure
of direct matching was necessary because of the extensive nature of
the program; complete mixture-response curves for 132 blends were
obtained. For this reason the accuracy of the performance numbers
shown in table I for P-4 ratings is largely dependent on the day-to-
day reprodu01b111ty of the engine. The brief analysis of the results
~given in reference 1 indicates that this reproducibility is good at
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high fuel-alr ratios. Inasmuch as the analysls in the pvesent report
1s concerned cnly with date at a Tuel-alir ratio of 0.11, i% is

believed that the perfurmence-numbsr ratings at this fuel- air ratio'
are reasonably accurate._

All blends tested were prepared on a volume basis.

PREDARATION OF PERFORMANCE CHARTS

In order to make the final charts useful for the prediction
of blends giving F~4 performance nubers greater than 461 at a
fuel-air ratlo of 0.11, it wag cons idered desirable to extrapolate
the performance curve +o ot least a porformance number of 200.
This extrapolation was made by plotting the performance numbers
against knock-limited indicated mean effective pressure from the
reference-fuel fraumework in refersnce 1. (See fig. 1.) Although
there 1g a definite bresk in this curve at a performance number
of 130, the curve appesrs to be linear between 130 and 161. On
the assumption that this linear relation is true, a straight line
wag drawn bthrough the points at 130 and 161 and extended to a per-
formence number of 200. The extrapdlation between 161 and 200 is
gshown as a dashed line in figure 1. In reference 1 a different
nsthod of extrapolation was used for performance numbers greater
than 161 (see fig. 1); consequently, the performance-number valuss
above 161 in table I for F-4 ratings are not the same as those used
in prepsring the psrformance charts in the present report.

i)

Ternary Blends

As an example of the preparation of a performence chart, con-
sider first that 1t is desired to know the F-3 and the F-4 perform-
ance numbers of all pogsible ternary blends of hot-acid octane, an
aviation alkylate, and a virgin base stock. These three fuels were
chosen becauge their blsnding relations follow equation (1). A
plot of composition against the reciprocal of the knock-limited
indicated mean effective pressure for binary blends of any two of
these fuels will result in a stralght line. The three dbinary com-
binations of these materlals are shown in figure 2. The ordinate
scale of this figure 1g a reciprocal scale used for convenlence in
crder that the Indicated mean effective pressures can be plotted
directly. Test data for figure 2 were ‘taken from table I.
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In the next operation, lines of constant performance number are
drawn on the plot (shown as dashed lines, fig. 2). These lines are
established by reading values of indicated mean effective pressure.
at equal increments of perforrance number in figure 1. The data o
as shown in flgure 2 are the basic Information needed to establish
F-4 rating lines on the final caart for multicomponent blends.

For convenience in relating composition and knock-limited per-
formance of ternary fuel bleuds, all performence charts are prepared
on triangular coordindte papsr. A brief description of the use of
triangular coordinate paper is given in the appendix. A more
detailed description of triangular plots is given in reference 3.

'The performance chart for the system of hot-acid octane, avia- ’
tion alkylate, and virgin base stock is shown in figure 3. Lines_
of constant performance number in this figure were determined by
noting the intersections of the constant performance lines (fig. 2)
with the blending lines. TFor exsmple, the 150-performance-number
line in figure 2 intersects the blending line of hot-acid octane
and aviation alkylate at a composition of 32 percent hot-acid -
octane and 68 percent alkylate and intersects the blending line of )
hot-acid octane and virgin base stock at a composition of 67 per-
cent hot-acid cctane and 33 percent virgin base stock. These two
compositions were plotted on figure 3 and JOlned by a straight line.
Any point on this line represents a blend of hot-acid octene, ~
akalate, and virgin base stock that will give a performance number
of 150 in the F-4 engine at a fuel-air ratio of C.11, All other )
performance lines in figure 3 were established in the same manner.

It will be noted that the lines in figure 3 are parallel, which
is true when the curves shown in figure 2 are linear. (n the basis
of data in this report and in references 4 and 5, it appears that

- most paraffinic fuels blend linearly at high fuel air ratios. Eveﬁ

though certain constituunts ‘such as the aromatics or ethers did not
_Yblend linesrily with paraffinic base fuels, the procedure just out-
lined for the preparation of performance- number charts is not altered.
A nonlinear relation in a plot of the type shown in figure 2 results

“in a var1at1on of slope with performance number on the flnal trl-
angular plot.. (See appendlx ) '

.The procedure used for determining the lines of constant F-3 ,

performance for blends of the same fuels used_in_preparing-figure 3
X ‘

ol



NACA MR No. ESA29 - " 5

differs from that used for F-4 performance in that performance num-
bers are plotted directly against composition on linear coordinate
paper and an estimated "best" curve is drawn through the data points
to determine the binary blending relations shown in figure 4. Thers
is nothing to justify the use of this empirical method for dealing
with F-3 ratings other than that the end result agrees reasonably
well with the experimental results. One or two exceptions to this
method will be pointed out later.

The compositions at the intersections of a given constant per-
formance. line with the blending lines (fig. 4) were plotted on
trilangular coordinate paper and Joined by stralght lines. The

- resulting F-3 performance lineg are shown in figure 5. The final

chart (fig. 6) was obtained by superimposing figure 5 on figure 3,
Performance charts for the following fuel constituents blended with
aviation alkylate and virgin base stock (all blends leaded to 4 ml
TFL/gal were prepared in the same manner and are presented in fig-
ure 7: triptane, diisopropyl, neohexane, isopentane, benzene,

‘cumene, mixed xylenes, toluene, and methyl tert-butyl ether. Charts

for hot acid octane, triptane, diisopropyl, neohexane, isopentane,
benzene, mixed xylenes, toluene, and methyl tert-butyl ether blended
with aviation alkylate and one-pass catalytlc stock are presented

in figure 8.

In figure 7(f) the lines showing F-4 performance numbers for

'cumene'blends were determined by plotting peak knock-limited-power

values rather than power values at a fuel-air ratio of 0.11. This
deviation from the procedure used for all other plots in figures 6,
7, and 8 was' necessitated by the fact that most of the mixture-
response curves for the cumene blends tested (referenoe 1) inter-

“sected at fuel—alr ratios between 0.10 and 0.11. (See fig. 9. )
- The fuel-air ratio for peak knock- limited power varied between
Q.115 and O 132 for the cumene blends used in preparing figure 7(f)

No plot was prepared for blends of cumene, aviation alkylate,

.and one pass ‘catalytic stock because rich-mixture peaks were not

obtalned for a sufficient number of the binary blends of cumene and
one- paeu Catalytlc stock reported in reference 1.

Lines of F-3 performance for xylene blends were not plotted in
figures 7(g) and 8(g) because the curve of composition against
F-3 ratings for binary blends of xylene and aviation alkylate passed
through a minimum. (See fig. 10.)
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In general, data obtained on the F-3 engine for the aromatic -
blends could not be handled with complete satisfaction,by‘the
empirical procedure previnusly explained. For this reason the
accuracy of the lines of constant F-3 performance shown for the
aromatic-paraffinic systems in figures 7 and 8 is questionable.

Quaternary Blends

The performance charts presented in figures 6, 7, and 8 are of
interest primarily frou considerastions of maximum knock-limited per-
formance attainable with various combinations of fuel blending agents
and current base stocks. The producers of aviation fuel, however,
are interested in the maximum knock-free power attalnable with a
finished blend that meets physical-property specifications for
aviation fuels. In the prescnt analysis an attempt has been made
to show how performance charts can . be prepared for ternary blends
in which each of the components has been isopentanized to a Reid
vapor pressure of 7 pounds per square inch.

The addition of igopentane to adjust the vapor pressure of the .
camponents in a system such as that shown in figure 7(a) will .
- necessarily affect the maximum knock-free power attainable because )
of the perfcrmance rating of lsopentane relative to the ratings of A
the other ccmponents in the system. (See table II.) In figure 7(a),
for example, a blend of 58.5 percent triptane, 30.5 percent alkylate,
and 11 percent virgin base stock has a lean-rich performance-number
rating of 135/200 and a Reld vapor pressure of approximately
3.5 pounds per square inch (estimated from table II). In order to
obtain the same performance (135/200) with a blend of triptane, alky-
late, and virgin base stock that has been lsopentanized to a Reid
vapor pressure of 7 pounds per square inch (maximum from specification),
a blend of 55 percent triptane, 17 percent alkylate, 7 percent virgin
base stock, and 21 percent isopentane could be used. The addition of
l1sopentane has thus effectively decreased the quantity of triptane
needed to obtain the 155/200 verformance rating. The reason is that
isopentane has better performance characteristics than the alkylate or
the virgin base stock used as well as a higher Reid vapor pressure
than the other three constituents in the blend. (See table IT.)

- It must be emphasized that the preceding example is merely given

. as a sample consideration of a fusl characteristic other than knock,

which must be considered for a finished fuel blend. Thisg example is

not intended to imply that the prevaration of fuel blends as pre-

gsented in the present report with Reid vapor pressures adjusted to -
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meet specifications will necessarily produce blends that will mest
all pertinzat specifications.

Several performance charts for quaternary blends containing
isopentane were preparcd for comparison with the charts described
before for ternary blends. In each of the quaternary systews the
vapor pressire was.adjusted to 7 pounds per square inch. Three
assumptions were made in the preparation of these charts:

(1) The relation between comnosntion (volume basis) and Reid
vapor pressure for binary blends of isopentane with dnother par-
affinic fuel is linsar.

(2) The reletion between composition and the reciprocal of
the F-4 (rich) knock-limited indicated mean effTective pressure

for binary blends of 1sogentan9 with another paraffinic fuel is
linear. .

; (5) The relation bebween composition and the F-3 performance
number for binary blends of isopentane with another paraffinic
fuel is lincar.

e

On the basis of the available data, assumption (3) appears
to be valid for only a few cases., For this reason the F-3 per-
formance lines on the charts for quaternary blends may be in error.

As an example of the preparation of the performance chart
for a quaternary system, assume that it is desired to isopentanize
the blends represented by figure 7(a). The first step in this
problem is to determine the amount of isopentane to be added to
sach of the pure components (fig. 7(a)) to obtain a Reid vapor
pressure of 7 pounds per square inch and to determine the resultant
F-3 and F-4 performance-number ratings for these blends. This
information was obtained from the foregoing assumptions and the
data in table IT and is presented in the following table:

¥-3 perform~ F-4 indi-
ance number  cated mean

effectivs
pressure
, : (1v/sq in.)
76% triptane + 24% isopentane + 4 ml 145 455
TEL/gal
8% alkylate + 1J>flsopentane + 4 ml 121 20¢
TEL,gal L
92% v1rg1n bage + BV igopentane + 4 ml 78 142

TEL/gal
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‘The triangular chart shown in figure 11(a) was obtained by
treating these three blends (all of which have Reid vapor pressures
of 7 1b/sq in.) as separate components by the procedure used in pre-
paring figure 7(a). Any point on figure 1l(a) represents the F-3
and the F-4 performance number of a quaternary blend: The actual
quantity of each component in the blend, however, cannot be readlly
determined from the chart because the percentages given on the
altitudes of the triangle show only the amounts of the binary blends
at the vertexes. TFor this reason, the grid of the chart was so
ad justed, as shown in figure 11(b), that the quantity of any one of
the four components in the blend could be read directly from the
chart. The concentration of isopentane in the blends is shown by
the red lines.

As an example of the method of determining the composition of.
fuel in figure 11(b) suppose that it is desired to prepare a blend
of triptane, aviation alkylate, virgin base stock, and isopentane
having a lean-rich rating of 130/180. The concentrations of triptane,
alkylate, and virgin base stock in the blend having the desired
rating can be read directly from the altitudes of the triangle in
the manner used in previous charts. These concentrations are 48, 19,
and 13 percent, respectively. Thé concentration of isopentans can
be determined either by subtracting the sum of the percentages of
the other components from 100 or by noting the position of the blend
on the chart relative to the red line (20 percent isopentane).

Performance charts for the following quaternary systems have
been prepared and are pregented in figure 12.

Triptane - hot-acid octane - aviation alkylate - 1sopentane
Triptane - diisopropyl - aviation alkylate -  isopentane '
Triptane - diisopropyl - hot-acid octane - isopentane :
Diisopropyl - hot-acid octane - aviatiorn alkylate - isopentane

'The vapor pressure determined for the diisopropyl used in figure 12
wag 7.4 pounds per square inch. (See table II.) In the preparation
of figure 12, however, a vapor pressure of 7 pounds per square inch
was agsumed for diisopropyl.

ACCURACY OF PERFORMANCE CHARTS

The accuracy of the charts was determined by selectiné ternary
or quaternary blends from the various charts and testing these
blends by the standard F- 3 and F-4 procedures ‘Inasmuch as the
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F-4 ratinds shown on the charts were estimated at a fuel-air ratio
of 0.11, the check ratings were determined at' this same fuel-air
ratio.

The clieck blends tested are shown with their ratings in table IIT.
These blends are also shown on the various charts by the gymbols.
The fuel numbers shown adjacent to each of “the symbols on. the charts
correspond to the fuel numbers given in this table. All the data in
table III are presented in figure 13 to show the relation between
estimated and observed performance numbers. For the 25 blends shown
in figure 13 the average deviation from the match line was 3.1 per-
formance numbers for the F-3 ratings and 1.5 for the F-4 ratings.

In consideration of the accuracy of the charts it must be-
emphasized that the proviously mentioned discrspancies noted in the
F-3 ratings of binary blends containing aromatics are responsible
for some of the large deviations in table III. For this reason the
F-3 performance lines for the aromatic systems shown in figures 7
and 8 must be used with considerablée caution.

Ty
DISCUSSION OF PERFORMANCE CHARTS

The data in figures 7 and 8 can be used for certain general
comparigons of paraffins, aromatics, and ethers. In figure 7(a),
for example, at the point representing a blend of 80 percent avia-
tion alkylate, 20 percent virgin base stock, and 4 ml TEL per gallon
, the lean-rich rating is 110/1?2 Moving on a straight line from
this point toward the triptane vertex until 20 percent triptane has
been added, the rating becomes 118/145. The addition of 20 percent
triptane to the bage blend has thus increased the lean rating of the
bagse blend by 8 performance numbers and the rich rating by 23.

On the other hand, if in figure 7(e) 20 percent benzene is
added to the same base blend used in the foregoing examplé, then
the rating changes from 110/122 to L06/14b The addition of 20 per-
cent benzene has decreased the lean rating by 4 perforrance numberq,
whereas the rich rating has been increased by 24.

From this comparison it follows that in the illustrative example
the aromatic (benzene) and the paraffin (triptane) are equally effec-
tive for increasing the F 4 (rich) performance but that triptane is
more effective than benzene for lmproving lean performance.
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When any two of the charts in figure 7 or 8 are compared, the o
nearer a given constant performance line is to the bage of the '
triangle, the better the performance of the fuel represented by the
top vertex of the triangle. For example, in figure 7(a) the line
representing an F-4 performance number of 200 is much nearer the
base of the triangle than the same line in figure 7(b). Triptane
plus 4 ml TEL per gallon has therefore a higher rating than diiso-
propyl plus 4 ml TEL per gallon.

Observations similar to those made in the foregoing discussion
can be made for the charts in figures 11 and 12, In the case of
thege figures, however, the effect of a single component cannot be
isolated from the other components hecause the concentration of
isopentane varies with that of any other component in the system.

'SUMMARY OF RESULTS

Charts are presented which permit the egtimation of P-3 and

F-4 knock-limited performance ratings for certain ternary and
guaternary fuel blends. Ratings for various ternary and quaternary.

lends. estimated from these charts compare favorably with experi-
mental F-3 and F-4 ratings. Because of the unusual behavior of some
of the aromatic blends in the F-3 engine, the charts for aromatic-
paraffinic blends are probably less accurate than the charts for
purely paraffinic blends. :

B

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio, January 29, 1944.
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APPFNDIX - THE TUSE CF TRTANGULAR COORDINATE PAPTR

The use of triangular coordinats paper to represent composition
for a three-component system will be greatly simplified if it is
remembered that for any point in an equilateral triangle the sum of
the perpendiculars from that point to each of the sides is equal 1o
the altitude of the tflangle For example, in the following diagram
0P + OM + ON Bb. , '

B
/\
/ \
’ o
N/ |
’\i\\ o - M
|y
AN
| I |
A- . { ! \C
T , H P ;

If ecach of the vertexes of the triangle represent 100 percent
of one of the three constituents, then the percentage of component A
in tlend O is OM; the percentage of the component B is OP,
and the percentage of component € 1is  ON,

The equation of a straight line on triangular coordinate paper
is of the form

= bNp + cNp + Nz

, C constants
Ny, sz Nz concenbration of components 1, 2, and 3 in ternary blend

Any equation relating knockulimitod performance and blend compositibn
that can be reduced to this form can be represented by a straight
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line of constant perfoimance on triangular coordinate paper. Equa-
‘tion (1) presented in the text of this report can be reduced to this
form by multiplying through by any ome of the performence values

Pl] P2; or PS. v ¢ -
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TABLE 1

- PERPORMANCE RATINGS OBTAINED IN F-3 AND F-4 ENGINES

13

[?or each fuel there are three rows of values: The first rog is Jdmep, 1b/sq 1in.; the second row for
P-3 ratings 1s octane number or tstraethyl lead in S-3 reference fuel, ml/gal; the second row for
F-4 ratiggs 1s percentage S-3 reference fuel in M-4 reference fuel or tetraethyl lead in 5-3 refer-

ence fuel, ml/gal; the third row is
tions are used throughout the table:

performance number,

one-pass stock for one-pass catelytic stock; and MTB ether for methyl tert-butyl ethera

The following abbrevia-
VBS for virgin base stock; alkylate for aviatlon alkylate;

- :sb
Fuel Fuel composition? F~3 F-4 ratings
[by volume] ratings Fuel-air ratio
0.065 |0.070 [0.085 0.095 0.100 |o0.110
A-386|vs -~ |  =ews=e- 73 83 122 137 141 143
90.7 96.6 99.8 0.08 99.8 99.0 97.8
75 g1 99 103 99 a7 94
A-118 | 50% alkylate + 50¥ vBs | ee=---- 86 99 143 159 162 165
98,8 0,10 0.19 0.34 0.33 0.29 0.24
96 104 107 111 111 110 109
A-356 [ Alkylate . ] =-eece= 104 129 176 190 195 201
0.64 0.55 0.93 1,57 1.71 1.87 2.14
) 119 117 124 134 135 137 140
A~132 | 30% one-pass stock + 70% VBS = [ ece-e-- 2 71 116 130 136 145
90,6 93.8 90.0 100 98.0 97.5 97.7
75 84 78 100 94 94 94
A-116 | 50% one-pass stock + 50% VBS | e==-e-- 64 | 76 116 137 145 156
90,9 88.6 93.1 100 0.01 0.01 0.06
76 76 84 100 101 101 103
A-119 | 80% one-pass stock + 204 VvBS | e=mes--- 87 76 114 142 154 165
92.7 00,6 03.1 99,2 0.09 0.16 0.24
79 78 84 97 104 106 109
A-122 |30% one-pass stock + 70% alkylate | ===---- 82 103 152 172 178 182
. 0.15 100 0.26 0.45 0.58 0.75 0,83
106 100 110 114 117 121 123
A-117 | 50% one~pass stock + 50% alkylate | =~=-==-=~ 76 91 143 167 176 186
100 96.3 0.06 0.54 0.44 Q.58 1.17
100 91 103 111 114 117 129
A-121 [80% one-pass stock + 20% alkylate | =-=---= 72 79 123 149 160 177
96.3 93.8 95 0.039 0.19 0.26 0.48
88 84 96 104 107 110 115
A-410 {One-pass stock | e-s---o 73 83 125 151 164 179
93.4 96.6 99 .8 0.12 0.16 0.28 0.49
8l 9l 99 105 106 110 115
A-136 | 20Z triptane + 804 VBS 000 | emeeee- 74 90 134 155 162 167
94.2 95.0 0,05 0.23 0.27 0.27 0,28
83 88 102 108 110 110 110
A-137 {40% triptane + 60% VBS | =memeee 100 119 164 191 201 205
0.18 0,43 0.55 0,96 1.75 2.07 2.07
107 114 117 125 136 139 139
A-138 | 60% triptane + 404 ¥VBS =0 | e~=ee-- 117 142 224 260 264 269
Q.67 1.20 1.58 5.54 peeccen kevccen foamem-
120 129 134 162 175 175 175
A-272 | 20% triptane + 80% alkylate = ] e-eee-- 90 126 185 213 225 237
1,08 0.19 0,88 2.13 3.17 3..79 4,57
127 106 123 140 148 152 156
A-273 | 40% triptane + 60% alkylate | =—---ce- 98 126 225 262 274 283
2.43 0,38 0,88 5,69 fpe-cww- e ——— et Lt
142 113 123 160 177 182 184
A-274 | 604 triptane + 40% alkylate ———— e 111 159 275 316 326 334
2,70 0.90 2,76 [memmm= feemcee bececne Pecoee-
145 124 145 195 213 218 218
A-275 | 804 triptane + 20% alkylate | =esmce-a 139 1980 314 fommmee focmoeme becmeca
3,06 2,59 5,90 |mwm-e pee B
147 144 161 jemmmes feceses hesnueae b eeas
aEach fuel contalns approximately 4 ml TEL/gal.
bBased on a fixed reference-fuel’ framework (reference 1). NATIONAL ADVISORY COMMITTEE

FOR AERONAUTICS
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. TABLE I - PERFORMANCE RATINGS OBTAINED IN F-3 AND f-4 ENGINES - Contfnued

- b
Fuel Fuel composition? F-3 F-4 ratings
[by vol “""_:] ratings Fuel-air ratio :

0,066 |0.070 ]0.085 [9.095 [0.100 [0.110

A-276 | 20% triptane + 80% one-pass stock® | —w---n- €6 72 117 14¢ 160 1e6
98.8 90.0 90,7 | 0.01 0.14 0.26 1.17

96 77 78 101 105 110 125

A-277 | 40% triptane + 60% one-pass stock® | we----- 81 e9 139 176 195 231
0.08 99 .4 0.05 | 0.29 2.88 1.77 3.86

103 99 101 111 124 136 152

A-278 | 60% triptane + 40% one-pass stock® | —-e-wn- 100 109 171 218 244 291
0.48 0.43 0.36 | 1.3€ 3,52 |=msmeen femceen

115 114 113 131 150 162 180

A-279 | 80% triptane + 20% one-pass stock® B 126 147 290 361 391 | eme-aa
1.80 1.63 1.82 J=cs-mme [ mmcene | ammeme fmences

136 134 137 [mmcemm [ emmcee femmcee e

A-271 [Triptane® | ceae- 204 262 | 9398 | cremec |mermce Jomemea
3,30 |e=co=- [moreeolecsans [emeros B T

149 191 fwememeoncmee fommme [ emmmee e

A-397 1204 diisopropyl + BOZ VBS = | eeeme-- 77 91 132 149 154 155
96.6 96.9 0.08 | 0.20 0.19 0.16 0.04

90 o1 103 108 107 106 101

A-398 | 40% diisopropyl + 60% VBS | ~mee--= 81 96 143 167 175 180
0.09 99.4 0.16 | 0.34 0.44 0.50 0.67

103 98 106 112 114 116 120

A-3Q9 |60 diisopropyl + 40% VBS | eeecee- 96 108 1€3 187 197 207
0.33 0.33 0.34 | 0.90 1.55 1.86 2.21

111 111 112 124 134 137 141

A-400 | 80% diisopropyl + 20% VBS | e=e--e- 111 141 202 226 236 250
1.17 1.10 1,56 | 3.23 4,14 5.07 | =-m==m

128 127 134 148 153 18 1€3

A-405 | 20% dilsopropyl + 80% alkylate = | ==-=-n- 125 146 192 210 217 222
0.90 1.78 1.78 | 2.58 2.97 3.21 3.2¢

124 136 136 144 146 148 148

A-406 | 40% diisopropyl + 60% alkylate | ==w--n- 128 158 206 227 234 240
1.45 2.47 2.67 | 3.49 4.29 4.80 5.00

132 143 144 150 154 156 157

A-207 | 604 dilsopropyl + 40% alkylate = | ==wewe-= 132 154 212 240 252 263
1.40 1.91 2.29 | 3.87 |eccomn |mmmren [omonan

132 138 141 152 1e2 167 171

A-408 | 80Z dijisopropyl + 20% alkylate ———ces- 136 162 22 262 275 292
2.10 2.24 3.05 | 5.85 | ==wrom joccmen | acmmen

139 141 147 1€1 176 182 190

- A-401 | 20% diisopropyl + 80% one-pass SLOCK | ====ve= 79 89 32 163 177 195
96.1 98.1 0.05 | 0.20 0.39 0.67 1.60

88 95 102 108 113 120 134

A-402 | 40% dilisopropyl + 60% cne-pass stock | —=-e--e 84 99 150 177 149 209
0.06 0.05 0.20 | 0.43 0.95 1.48 2.34

102 102 108 114 125 133 142

A-403 | 60% diisopropyl + 40% one-pass stock | =-==w-= 96 114 165 196 210 235
: 0.24 0.33 0.44 | 1.02 2.00 2.72 4.29

108 111 114 126 138 145 154

A-:04 | 80% dilisopropyl + 204 one-pass stock | ====-ee 120 143 ie7 229 245 272
0.68 1,34 1.65 | 2.90 4,57 | —reeme | maeeaa

120 131 135 146 155 162 177

 A-393 | Diisopropyl® N 147 173 246 289 304 324
2.41 3.53 4,11 |eeemen | cemern | ccee | wmmee

142 150 153 175 195 | wereen foaveaa

3gach fuel contalns approximately 4 ml TEL/gal.

Based on a flixed refcrence-fuel framework (reference 1}

CKnock=1limited performance of the engine with one~pass catalytic stock was low on the day these
fuels were tested. "

dEstimated value. NATIONAL ADVISORY COMMITTER
®Values for knock-limited 1lmep were averaged from three curves. POR AERONAVTICS
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NACA MR No. EBA29
TABLE I - PERFORMANCE RATINGS OBTAINED IN F-3 AND F-4 ENGINES - Continued
0
Fuel Fuel composition? F-3 F-4 ratings®
[by vol umﬂ ratings Fuel-air ratio
0,065 {0,070 lo.c85 | 0,095 | 0.100 | 0.110
A-411 | 20% neohexane + 80% VBS | eemm-e- 74 86 124 142 147 150
' 94.5 95,0 100 | 0.10 0.09 0.05 99.2
84 88 100 104 105 102 96
A-412 |40% neohexane + 60% VBS = | ecemece-w 81 97 138 158 164 167
0.05 99 .4 0.17 0.28 0.31 0.32 0.28
102 a8 106 110 111 111 110
A-413 | B0% nechexane + 404 VBS | eseeme-- 93 108 159 178 183 187
0,36 0.26 0.34 0.67 1.03 1.17 1.25
112 110 112 120 126 128 130
A-414 | 80% nechexane + 20 VBS | ecma-a- 108 130 182 203 208 210
2.00 0.75 1.06 1.95 2,48 2,57 2041
138 121 127 138 143 143 142
A~-415 | 20% neohexane + 80% alkylate = = | esem=ea ile 130 172 193 199 202
1.10 0.95 1.06 1.41 1.85 1.95 1.91
127 125 127 132 1357 138 138
A-416 | 40% neohexane + 60% alkylate | ====-== 118 137 186 203 207 209
1.50 1.25 1.38 | 2.19 2.48 2.50 2.35
] 133 130 131 140 143 143 142
4-417 | 60% nechexane + 40% alkylate - | =-w---- 124 146 195 212 215 216
2.57 1.53 1.78 2.78 3.10 3.07 2.83
143 133 136 145 147 147 145
A-418 | 80% neohexane + 20% alkylate = | =—=ceaw- 137 158 208 224 227 226
3.36 2.35 2.67 3.61 3.03 3.93 3.52
149 142 144 151 1s2 152 150
A-420 | 20% nechexane + 80% one-pass stock | =------ 79 95 146 171 180 190
9€.6 98.1 0.14 0.38 0.50 0.92 1.38
90 |, 95 108 113 116 124 131
A-421 | 40% neohexane + €0% one-pass stock | ==-=~==-= 86 107 165 190 197 203
0.10 0,10 0.33 1,02 1.70 1.86 1.96
104 104 111 126 135 137 138
A-422 | 60% neohexane + 40f one-pass stock | ~-=--e- 108 138 192 210 215 217
0.33 0.75 1.43 2.58 2.97 3.07 2.90
111 121 132 143 146 147 146
4-423 | 80% neohexane + 20§ one-pass stock | =------ 132 162 214 230 233 254
1.66 1.91 3.05 4.00 4.72 4.67 4.14
135 138 147 153 15€ 156 183
A-394 Neohexanef ------- 159 187 230 240 242 243
6.00 4.76 5.58 [reve~ -] m———— 5.87 5.43
161 156 160 163 162 161 159
A-123 | 204 isopentsne +-804 VB8 | seer--- 72 87 127 141 146 149
94 .4 93.8 0,02 0,14 0,07 0,03 98.9
83 84 101 106 103 101 99
A-124 | 404 isopentane + 60% VBS | e=e---- 80 99 139 151 155 159
29.1 98.8 0.20 0.29 0.21 0.18 0.12
97 96 108 110 lo8 107 105
A-134 | 604 isopentdne + 404 VBS 0|  eeeeaa- 87 112 153 168 172 174
0.23 0.12 0.41 0.4€ 0.46 0.45 0.42
108 105 114 114 114 114 113
A-375 | 20% 1sopentane + 80% alkylate = | c--a--- 121 144 186 201 204 204
0.92 1.39 1.69 | 2.19 2.34 2.29 2.00
124 131 135 140 142 141 138
A-376 | 40Z isopentane + 60% alkylate = | e=cmee- 121 144 191 203 205 204
0,99 1.39 1.69 2.52 2.48 2.36 2,00
125 131 135 143 143 142 138
A-388 | 204 isopentane + 80% one-pass stock | -~ee---e 78 87 132 160 173 188
96.8 97.5 0.02 0.20 0,34 0.47 1,29
87 94 10l 108 111 115 130
A-389 | 404 1sopentane + 60% one-pass stock | ~-r—ecw- 85 97 140 168 180 192
100 0,07 0.17 | 0.30 0.46 0.92 1.47
100 103 107 111 115 124 133
agach fuel contains approximately 4 ml TEL/ al,
bRased on a fixed reference-fuel framework %re!‘ex‘ence 1). NATIONHAL ADVISORY COMMITTEE

VYalues for knock=limited imep were averaged from two curves.

FOR AERONAUTICS




16

NACA MR No. E5A29
TABLE I ~ PERFORMANCE RATINGS OBTAINED IN F-3 AND F-4 ENGINES - Continued
Fuel Fuel composition® P=3 F-4 ratings®
[by V°1‘""f’] ratings Fuel-air ratio
0.065 [0.070 [0.085 [0.095 |0.100 10.110
A-139 }j20% hot-acld octane + 804 VBS | esse--- 70 83 128 147 151 154
94.3 92.5 98.0 | 0.15 0.16 0.11 0.02
83 a3 94 106 1086 108 101
A-140 140% hot-acld octane + 60% VBS = | sew---- 74 89 143 168 173 179
100 95.0 0,03 0,34 0.46 0.47 0.58
100 94 101 111 114 115 117
A-141 |60% hot-acld octane + 40% VBS = | aeeice-w- 84 106 165 191 198 207
0.18 0.05 0.31 1.02 1,75 1.91 2.21
107 102 111 126 136 138 140
A-367 |20% hot-acld octane + 80% alkylate | e-v-=w- 121 142 188 205 210 215
0.82 1,39 1.60 | 2.32 2,62 2.72 2,76
123 131 134 141 144 145 145
A-368 |40f, hot-acid octane +60% alkylate | ==w=ew-= 125 148 200 219 226 235
0,72 1.58 1.87 | 3.10 3659 3.86 4,29
121 134 137 147 150 152 154
A=-369 | 60% hot-acid octane + 40% alkylate | —w-ee- - 129 154 216 240 248 257
0.88 1.77 2.29 4,31 |m=e——- e | m————
124 136 141 154 162 164 168
A-370 | 80% hot-acld octane + 20% alkylate e 129 154 238 269 276 280
0.72 1477 | 2,29 je=m--- el B
121 136 141 169 182 183 182
A-371 1207 hot-acid octane + B0f one-pass | =w-=e-= 80 20 138 170 185 206
stock 95.1 98.8 0.06 0.28 0.49 1.30 2.14
86 85 102 110 115 130 140
A-372 {40% hot-acid octane + 60% one-pass | w=m=-- - 88 o7 154 192 208 229
stock 100 0,14 0.17 0.48 1.80 2.57 3,73
100 105 107 115 136 143 151
A-373 | 60% hot-acid cctane + 40% one-pass | ==w-e--- 90 101 164 205 220 245
stock 0.18 0.19 0.23 | 0.96 2.48 3.43 5.71
107 107 108 125 143 149 1€0
A-374 | 80F% not~acid octane + 20% one-pass | —eam-=- 99 ils 187 224 240 268
stock 0.45 0.41 0.45 2.26 3.93 5.60 |emmer=
115 114 115 141 152 160 175
A~330 | Hot~acid octaner ------- 131 159 250 289 304
1,08 1.86 2,76 [==~eem [socere [mocea=
127 137 145 178 195 | =-e---
A-257 | 20% mixed xylenes + 80% VBS | eecem-- 68 78 114 132 138 148
92.6 91,3 94,7 99.2 98,7 98.1 98.6
79 79 86 a7 96 94 96
A-258 | 404 mired xylenes + 60% VBS ——————— 69 78 117 147 160 182
95.5 91.9 94.7 0.03 0.16 0.26 0,83
86 80 86 101 106 110 123
A-259 | 60% mixed xylemes + 40% VBS = | cecms-e T4 85 146 194 216 2583
85.2 95.0 99.3 | 0,38 1.90 3,14 |mem-w-
86 87 99 113 137 148 165
A-260 | BO% mirxed xylenes + 20% VBS = | ==emewe 84 95 214 |cemcme [rmemcon Joeenaa
0.04 0.05 0.14 4,00 Jemmooe fracose |owoaaa
101 102 105 153 |weee-- B L
A-261 §20% mixed xylenes + 80% alkylate | ~—=we-a- 88 101 158 194 208 227
0.52 0.14 0.23 | 0.65 1.80 2.57 3,59
116 105 108 119 137 143 150
A-262 | 40% mixed xylenes + 60% alkylate | wwee--- 82 95 153 206 252 287
0.27 100 0.14 0,46 2,69 |e=~e-=- ——wan
110 100 105 115 144 167 187
A-263 | 60% mixed xylenes + 40% alkylate | «~=-emws- 85 98 181 274 |weecow ————
0.14 0.07 0.19 | 1.89 |emeeceve |camccn |eacana
108 103 107 137 185 |weweve- PR
A-264 | BO% mlxed xylenes + 20% alkylate | =~eeeess 87 103 260 336 270
0.27 0.12 0427 |ewwnne |meccos |mcuena
110 105 110 185 |emsecaw |ecmmea

2gach fuel contalns approximately 4 ml TEL/gal,
bpased on a firxed reference-fuel framework (reference l).

values for knock-limited imep were averaged from two curves.

NATIONAL ADVISORY COMMITTEE

FOR AERONAUTICS
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NACA MR No. EB5A29 17

TABLE 1 - PERFORMANCE RATINGS OBTAINED IN P-3 AND F-4 ENGINES - Continued

- = B
Fuel Fuel composition® F-3 F-4 ratings
[?y Volume] ratings Fuel=-air ratio
0.065 0.070 | 0.085 0,095 0,100 0.110
A-265 | 20% mixed xylenes + 80% one-pass | =====-- 71 74 111 138 151 178
stock® 94,7 93.1 92.0 97.9 0.03 0.11 0.50
84 83 8l 94 101 105 116
A-266 | 40% mlxed xylenes + 60% one-pass | ====--- 80 86 133 172 196 246
stock® 97,5 98.8 100 0.21 0.58 1.81 5.86
92 96 100 108 118 136 161
A-267 | 60% mixed xylenes + 40% one-pass | ======= 95 100 184 251 282 339
. stock® 98.8 0.31 0.22 | 2,06 | cc=mec| mmemac | memaas
96 111 108 139 169 187 |==e-- -
A-268 | 80% mixed xylenes + 20% one-pass emeoan 102 106 351 | mweean| worcas [ wacana
stock® 0,16 0,48 0,3) |revcame| coceca] cmvace | wacana
106 115 11l | ee==om] cvemac]| mcmcen | cmcnna
A-256 | Mixed xylenesc'e ------- 105 122 | wmemem ] meecen] coconvn | meaana
0.92 0.60 0e69 [ mmmwre] mmncmm | wcmann | cmacan
124 118 120 [w=cm-r| mmmece} cmeoan | emenas
4-245 | 20% cumene + 80% VBS @000 | —mesee= 67 72 98 123 134 154
92.4 20.6 30.7 92.5 98.7 96.9 0,02
78 78 78 82 | 88 01 101
A-244 | 40% cumene + 60% VBS 0000 | eceee== 67 70 95 117 130 160
92.7 90.6 89.3 91.3 93.7 95.€ 0.14
79 78 76 80 84 88 105
A-246 | 60% cumene + 404 VB = | msmccees 67 72 94 118 132 174
94.2 90.8 0.7 90.8 94,0 96 .3 0.42
83 78 78 78 85 91 114
A~247 | 80% cumene + 20 VBs 000 | memeccas 77 76 90 120 151 | se=ee=
86.0 96,9 93.3 89.2 94.7 0,11 | eweew-
88 91 84 76 86 105 | =====-
A-248 | 20% cumene + 80% alkylate | em=e=eo 98 102 143 172 187 215
0.32 0.38 0.25 0.34 Q.58 1.39 2.76
111 113 109 111 117 131 145
A-249 | 40% cumene + 60% alkylate | s=—eea= 71 76 113 148 171 233
0,11 93.1 93,3 98.8 0.17 0.44 4.00
105 84 84 95 106 114 183
A-250 | 607 cumene + 40% alkylate | eace-oo 77 76 94 124 149 277
0.03 96.9 93.3 90.8 96.0 0.08 |==r==-=
101 91 84 78 90 103 180
A-251 | 80% cumene + 20% alkylate  mmmm—em 74 73 86 114 160 |=m=== -
) 97.7 95.0 91,3 87.5 92.7 0.26 me————
93 87 80 75 82 110 | =====~
A-252 | 20% cumene + 804 one-pass stock | —e-ewe- 70 69 91 120 137 175
93.0 92.5 a8.6 89.6 94.3 97.8 0.44
80 82 75 76 85 | 93 114
A-253 | 40% cumene + 60% one-pass stock | se-e--- 70 67 75 95 112 168
93.6 92.5 37.4 82.9 86.3 90,0 Q.30
82 82 74 67_ 72 77 111
A-254 | 60% cumene + 40% one-pass stock | e—=ee--- 66 62 €5 81 94 153
93.0 90,0 84.0 78.8 8l.3 84 .4 100
80 78 &8 62 65 69 100
A-255 | 80% cumene + 20% one-pass stock = | =e==me- 66 63 70 o8 141
95.0 90,0 84.8 80.8 87.3 99.1
85 78 69 64 74 98
A-240 {Cumene® | . 77 75 87 122 | ==eee
95,0 96.9 92 .7 87.9 95,3 | m=w==a
85 91 83 74 88 | ~=---

4gagh fuel contains approximately 4 nl TEL/gal.
Based on a fixed reference-fuel framework (referencs l).

CKnock-1limited performance of the englne with one-pass catalytic stock was low on the day these
fuels were tested.

®Values for knock-limited imep were averaged from three curves., NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS



I8 NACA MR No. EBA29
TABLE I - PERFORMANGCE RATINGS OBTAINED IN F-3 AND F~4 ENGINES = Continued
Fuel Fuel composition® P-3 P-4 ratings
E,y vo]_umg] ratings Fuel-alr ratioP

- 0,065 [0,070 {0,085 | 0,095 [0.100 [C.110

A-341 |20% benzene +80% vB& | ~meesa- 78 85 134 155 162 168
91.4 97.5 99.4 | 0.22 0.27 0.29 0.30

76 93 97 108 110 110 111

A=342 [40% benzene + 605 VBS 0| we==e-= 81 89 146 178 190 208
92 .4 99..4 0,05 | 0,37 1.03 1.63 2.28

78 97 102 112 126 134 141

A-343 | 60% benzene +40%4 VBS . @ | eeeemee- 78 85 244 346 384 |e=----
94,2 97.5 99,4 [=w-mem | weccme [cccmme Jacmeea

83 93 97 173 | mememme [ cmcmen femenae
A-344 |80F benzene + 20 VBS | ememe-=s 98 115 | =mcame | mmcmen | macees [esaaaa
96.2 0.38 045 |=memee | wocece foeceaa ——————

88 113 115 |eecmme | scvcmce |[mccean [mcanaa

A-358 | 20% benzene + 80% alkylate = = | es=cma-- 117 127 182 212 222 234
0.43 1.20 0.92 { 1.95 3.10 3.57 4.14

114 129 124 137 147 150 153

A-359 | 40% benzene + 60% alkylate = = | eeeecse- 102 112 182 230 253 295
0.12 Q.48 0,41 | 1.95 4,72 |===r=c |=senwe=m

106 115 114 137 156 168 192

A-360 | 60% benzene + 40% alkylate = = | mee--no 102 110 336 | memmme | wmeeme feeeaen
100 0.48 0,38 |wmmmre | mmemce | cmeeca | ocmaan
100 115 113 | =mcem= | mwmmme | ecccee |enona-

A-361 | 80% benzene + 20% alkylate | ecwecee- 119 178 |eemcec | mcccce | memcae ja- S
98.3 1,30 4,63 |mmmem=| cemmne |mcaman fecarns

94 130 156 |weemmn | cevmne | cmmaee ol oo

A-362 | 20% benzene + 80% one-pass stock | ~eeemw- 77 86 142 172 184 203
93.8 96.9 100 | 0.33 0.58 1.25 1.96

82 91 100 111 118 130 138

A~363 | 40% benzene + 60% one-pass stock |  eee-e-- 82 79 160 213 238 264
92.0 100 95,3 | 0.73 2,17 5,33 |===---

7 106 88 121 148 159 172

A-364 | 60% benzene + 40% one-pass stock | emee-- - 68 72 191 254 280 328
91.5 91,3 90,7 | 2.52 | ==-e-- R et

77 80 78 143 172 186 |------

A-365 | 80% benzene + 20% one-pass stock | ==eee-a 94 93 | mommme | macmee | mevnea J-- -
. 93.0 0.29 011 {mmmene| cmcmee | ccmman jemeaeo
80 110 105 | ==seme| @amccon | mccean fecoeean

A-340 Benzener ------- 199 |e-wreme| cwcnnn | memcnn | mrreas [(crece.
B7 | ercecs |acccen] ccncnn] cacace | samena —m————

68 186 196 | mmwm=c| =wemec= | meecce | mescea

A-321 | 207 toluene + 80% VBS | eecee-oa 85 96 137 156 164 172
93,7 0.07 0.16 | 0.26 0.29 0.32 0.27

@2 103 106 110 110 111 110

A-322 | 40% toluene + 606 VBS 0|  ememaa- 92 96 175 22 245 2€6
95.1 0.24 0.16 | 1,57 4,43 | =-memme [mmmee-

85 109 106 134 155 162 173

A-323 1 60% toluene + 404 VBS 0| seeee-s 88 95 204 303 346 425
97,0 0.14 0.14 ] 3,36 | ~r==== | smmome [cocaae

91 108 105 149 | semmem | memcen Jomeas

A-324 | 80Z toluene + 204 VBS | ~e-eea- 101 113 340 | mcemme | memeen femeem
98,8 0.45 0,42 | memeew| wocace | cocmen foccaae

926 115 114 | mmmwan| mcemen | mmomee [eceeen

3gach fuel contalns approximately 4 ml TEL/gal.
Based on a fixéd reference=fuel framework (reference
fyalues for knock=-1limited imep were ‘averaged from two curves.

1).

NATIONAL ADVISORY COMMITTEE

FOR AERQNAUTICS
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TABLE I - PERFORMANCE RATINGS

OBTAINED IN F-3 AND F-4 ENGINES - Concluded

18

- b
Fuel Fuel composition? Fe3 F-4 ratings
[by volumeJ ratings Fuel-air ratio :
. 0,065 0.070 10.085 0.095 Q.100 0,110
A=~325 | 204 toluene + 80% alkylate - 121 139 191 221 232 249
0,48 1.39 1.47 | 2.52 3.73 4453 | wommna
118 131 132 143 151 155 1eg
A-326 | 40% toluene + 60% alkylate e 108 128 223 275 308 348
0.54 0.75 0,97 5,38 amimne | cemcen | swonas
116 121 125 159 186 weoree | covman
A-327 | 604 toluene + 40% alkylate = | w~---- -~ 100 1086 300 wevrre | vecers | erece
0.25 0.43 030 lwmvome | mweomc | comees -———
109 114 111 |eeee-- moeere | vonmna B
A-328 |80% toluene + 20% alkylate —————— 108 LR el IR TR P
0.16 0.75 | 0.47 fucemme | cmmeve ] meeran | emeeae
106 121 memmen | eoeem
A=-331 | 204 toluene + 80# one-pass stock | eeme—w- 80 90 137 169 184 212
95,1 98.8 0.06 | 0.26 0,47 1.25 2.55
85 95 103 110 115 130 143
A-332 | 403 toluene + 60% one-pass stock | ~ee---- 85 92 151 202 224 262
95,3 0,07 0,08 | 0.4¢ 2.41 3,72 | =emwe-
86 103 103 11¢ 142 151 1731
A-333 | 60% toluene + 40% one-pass stock | eee---- 91 95
97.4 0.21 0.14
91 108 105
4-334 | 80% toluene + 20% one-pass stock - 102 108
0,10 0.48 0,31
104 115 111
A-320 | Toluenel m———en 134 140
.57 2.00 1,51
11.8 138 133
A-336 | 207 WUTB ether + 80% VBS |  e~=e---- 95 101 144 170 179 187
98,8 0,31 0.23 | 0.30 0.49 9.83 1.25
96 111 108 111 118 121 130
A-337 | 404 NTB ether + 60% VBS - i1z 113 165 204 223 253
0.12 0.95 0.42 | 1.02 2.55 3,84 | =-----
105 125 114 126 143 151 165
A-338 | 604 MTB ether + 40% VBS |  ecsm-ea- 192 163 228 281 307 355
0.92 | =mem== R B B B B et
124 180 148 162 190 | wmmeen | mmnmen
A-339 | 80¥ WMTB ether + 2094 VRS |  ~esee-- 220 309 379 | m=mae- | o= m-=
2.61 Pl LT camenn| acmace| comnee
144 | mmceec | mommen |oceaan | cmenan cmamee | mecana
A-347 | 20% MTB ether + 80% alkylate = |  w=m--w- 143 155 230 258 268 281
1.€8 3.0€ 2.38 |emeoen | cemwan} o= smwe | mmmee.
135 146 142 163 174 178 183
A-348 | 40% MTB ether + 60% alkylate = | ==-=~=== 166 174 258 312 338 377
: 2,30 5.43 4,21 |meweme | weneenl mmemae | menas
141 159 154 183 | memeen| cmwces | ceeane
A-349 | 606 MTB ether + 40% alkylate = | ~e=~e=- 258 229 327 406 442 | mmean
2.50 | emmeve | mcecn=len mmem | mmtenm| maemee | mmaeaa
143 | mewem= 193 |e=mee= | == wame| mmeman | encan -
A-350 | 80% MTB ether + 20% alkylate R 307 271 374 | emwmmm ——————
6o0 | =mewmm | mcaaan P o— —————-
161 | =-w-ew | mwcmmejucnces | mrncan] crcmea | @dcenn
A-351 | 204 MTB ether + 80% one-pass stock B et 87 91 144 i79 194 218
96.1 0.12 0.08 | 0,35 1,10 1.72 2,97
88 105 103 112 127 135 146
A-352 { 40% MTB ether + 60% one-pass stock ————— 113 112 163 204 225 269
0.14 1,00 0.41 | 0.85 2.55 3479 | wwnene
105 126 114 123 143 152 175
A-353 | 60% WTB ather + 40% one-pass StocK | we-cem-= i85 160 230 289 319 376
047 | =me=en] 2,86 |-=====) smacea] covnan ] menaan
115 173 146 163 195 | =memven | moovn-
A-354 | B0 MTB ether + 20# one-pass stock - 269 237 301 2370 | mmmmme | e -
1.00 | eemene | momue B B e S ] -
126 | =ewm==- 200 |ere~me | ceccna| cmccen | acnoca
A-335 | MTB etherf cemenm | cen——— 330 806 | mmmenn] mwacos | cmmeae
6,00 |ereeme | cmeana comesn ] meeean] enscne | meaces
> 161 | mwecen | coccan|araan N [PSPE (RS e
3pach fuel contalns approximately 4 ml TEL/sal.
bRased on a flxed reference-fuel framework (reference 1), NATIONAL ADVISCRY COMMITTEE
Tyalues for knock-1limited imep were averaged from two curves. FOR AERONAUTICS
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TABLE II - F-3 AND F-4 PERFCRMANCE RATINGS AND REID VAP(R

PRESSURES FOR VARTOUS AVIATION FUEL COMPONENTS

{ Reid vapor |Performance number®

Blending agent pressure B
(1b/sq in.) F-3 F-4
Isopentane : 18.6 - G133 ©144
Neohexane §.7 181 159
Methyl tert-butyl ether 8.8 > 161 >200
Diisopropyl 7.4 142 202
Virgin base stock 2.9 73 94
Alkylate 4.7 119 137 ‘
Benzene 3.5 4 gg >200
Triptane 3.0 149 >200
Hot-acid octane 2.7 127 187
Toluene 1.1 118 >200
Mixed xylenes .5 124 >200
Cunene .3 85 =200

Sperformance numbers are for pure blending agent containing
4 ml TEL/gal.
PPerformance numbers over 161 are extrapolated (fig. 1).
Ratings are for a fuel-alir ratio of 0.11,
CExtrapolated from experimental data for blends containing
up to 60 psrcent isopentane.
Assumed to be the same as the rating for unleaded benzene.

Netional Advisory Commltiee
for Aeronautics
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TABLE TIT - F-3 AND F-4 PERFORMANCE RATINGS OF TERNARY
AND QUATERNARY FUEL BLENDS

[The following abbreviations are used throughout the table: VBS,
for virgin base stock; alkylate for aviation alkylate; one-pass
gtvock for one-pass catalytic stcck; and MIB ether for methyl
tert-butyl ether.]

Perlcrier.ce nmevs. !
. D S i TP
Figure{Fuel Fuel composit;ona _F‘J ratings F-4 ratings
“ (by volune) Teti- |{Observed|Esti- {Observed
mated nated
Ternary tlends
B A-477159% hot-acid octane + 112 110 150 149
. 25% VBS + 16% alky-
late
& A-487111% hot-acid octane + g 20 110 111
L8 VPS + 41% alky-
iate
7(a) |A-223120% triptene + 5% VRS 12¢ 128 150 153
+ 75% algylate
7(a) |A-23529% triptane + 20% VBS 119 120 150 151
) + 51% alkylate : !
) } i 2 .
{ 7(a) |A-234138% triptane + 35% VBS | 114 | 115 150 150
+ 27% alkylate
7(a) |A-468143% triptane + 28% VBS | 119 116 180 158
' + 29% alkylate
7(a) [A-481{12% triptane + 14% VBS | 116 117 140 | 142
+ T4% alkylate
7(z) |A-486(1%:5 triptane + 61% VES 35 93 110 112
+ 26% alkylate

SFach fuel contains approximately 4 ml TEL/gel.
T-4 ratings made at a fuel-air ratis of 0.11.

National Advisory Committee
fer Asronautics
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TABLE ITI - F-3 AND F-4 PERFORMANCE RATINGS OF TERNARY

AND QUATERNARY FUEL BLENDS ~ Continued

Performance numberg
A R A
Figure|Fuel Fuel composition® F-3 ratings F-4 ratings
(by volume) Esti- {Observed |Esti- |Dbserved
mated mated
Ternary bloindd™ - Continued
7(r) |A-478143 diisopropyl + 123 122 150 150
: 12% VBS + 45% alky-
late
7(b) |4-524 34;§diisoyropy1'+ 103 101 120 121
52% VBS + 14% alky-
late
7(¢) |A-48355;, neohexanc + 149 131 124 140 140
VBS + 3CJ alkylate
| . ,
7(c) 1A-523|12% neohexane + 43% 102 103 110 111
| VBS + 45% alkylate : '
7(e) |h-482]237 benzene + 34% VRS 97 1¢0 140 139
+ 439 alkylate
7(e) |A-522[47% benzene + 41% VBS 87 77 160 154
+ 12% alkylate
7(h) [A-484{14;; toluene + 54% VES 92 a7 130 130
+ 32% alkylate '
7(h) [A-521{23% toluene + 17% VBS 107 106 180 156
; + B80% alkylate
|
7(1) |A-520(3350 MIB ether + 55% VBS| 106 108 180 154
+ 12% alkylate

Fack fuel contains approximately 4 ml TEL/gal.
5] ratings made at a fuel-air ratio of 0.11.

Naticnal Advisory Committee
for Aeronautics
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(8V]
]
M

TLBLE TIT - F-3 AND F-4 PERFCRMANCE RATINGS COF TERNARY
AND QUATERNARY FUEL BLENDS - Czncluded

|

PﬂrfomPncp Luﬂberu

3 . ) .—‘—'7 . b & -
Fig re|Fue Fuel scmpesition® F-3 ratings | F-4 Litln@s_*,
{by.volums} Esti- [Observed |Esti-{Dbservad
mated mated

—

Ternary hloends - Concluded
| ]
7(1) |A-53916% MTB ether + 59% VB3| 94 99 110 111
+ 3% alkykate |

. i
8(a) {A-470(5

£, hot-scld sctane + 1 118 | 118 180 | 189
17% one- pasq gtozk
+ 32 ﬁ alkylate
8(b) An47li55$ triptans + 457 ene~| 108 | 111 160 | 159
pass sbock + 207 ;

i alkylate !

&(b) |A-480:207 triptane + 1€8% one-| 117 112 150 150
| pass shock + A4 '
alkylate
&(c) [£-505139% diisopropyl + 118 115 150 150

24% cone-pass stock
+ 37% alkylate

Quaternary blends

12(a) 1A-472119); triptans + 10% hot-| 128 131
acid octane + 52.%% |
alkylate + 18,.5% is~-
perntane

(.
o))
O
-]
n
~J

12(p) 14-474111.5% triptane 4“2“ 5 130 138 160 158
diisopropyi + 50,
alkyvlate + ld.%/ WQu
yentana

12(4) 1A-473134% diisopropyl + 12.5%| 129 131 159 159
not-acid octane +
41 .5% alkylate + 12%

igopentane

S L
4Fach fuel contains approximately 4 ml TEL/zal.
PF-4 pratings made at a fuel .air 3L19 of 0,11,

National Advigory Ccmmities
for Aeronautics
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Knoek-limited imep, 1b/sq in.
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Figure 1. - Relation between performance numbers and

knock-limited indicated mean effective pressures as determined in the NACA

F-lU rating engine,
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Figure 2. - Knock-limited

performance determined by the F-4 rating

method for binary blends of hot-aclid octane, an aviation alkylate,
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All blends contain 4 ml TEL per gallon,
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Figure U, - Knock-limited performance determined by the F-3 rating
method for binary blends of hot-acid octane, an aviation alkylate,
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